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一、 (5S)-4-羟基-5-烷基-2-吡咯烷酮 1 的合成研究： 
手性 2-吡咯烷酮 1 是一种较为常见的合成中间体，具有广泛的合成应用价
值。本节工作先从天然 L-酪氨酸出发，经过酯化、上保护基和还原反应，高效
地制得 N-甲基氨基醇 4，三步反应，总产率为 85%；N-甲基氨基醇 4 经过氨基保
护和氧化反应形成 N-Boc-a-酪氨醛 11。 
接下来，我们运用 SmI2 作用的 Reformatsky 反应高效的合成b-羟基-g-氨基酸
酯 13，该方法操作方便、反应速度快；最后我们将化合物 13 氮上去 Boc 保护并
发生分子内环化反应，便可得到 2-吡咯烷酮 1，两步反应产率为 86%。2-吡咯烷
酮 1 的四个差向异构体 1a、1b、1c 和 1d 均可用于合成天然产物 rigidiusculamides 
A 或 B，其中 C-5 位立体化学都是源自天然酪氨酸的手性中心，以 S 构型存在。 
 
 
二、 天然产物 Rigidiusculamides A 和 B 的不对称合成： 
2009 年，车永胜课题组从真菌类 ascomycete fungus albonectria rigidiuscula
中提取得到四个具有 2-吡咯烷酮衍生物，依次命名 rigidiusculamide A-D（图 
1.3），并发现该类化合物具有抗宫颈癌细胞 Hela 和乳腺癌细胞 MCF-7 的细胞毒
性。化合物 rigidiusculamide A 的结构为顺式 3,4-二羟基-2-吡咯烷酮；化合物
















我们从关键中间体 2-吡咯烷酮 1 出发，合成了文献中报导的天然产物
rigidiusculamide A 结构 18a 和差向异构体 18b。首先，2-吡咯烷酮 1 经过消除反
应得到 3-吡咯啉-2-酮 16，接着通过 Sharpless 不对称双羟基化反应（AD）得到
邻二醇化合物 17a 和小量 17b，最后切除氧上苄基，分别得到化合物 18a 和 18b，
三步反应，以 81%产率得到化合物 18a，另外非对映体 18b 只有不到 1%的量。
通过化合物 18a、18b 和天然产物 rigidiusculamide A 的结构和数据对比，我们发
现化合物 18a 的立体化学与天然产物不一样，而化合物 18b 与天然产物互为对映


































(a) MsCl, Et3N, 0 °C
(b) DBU, rt, 5 h






其次，我们顺利合成天然产物 rigidiusculamide B 并确定其立体化学。通过
Dess-Martin 氧化反应，我们“一锅两步”法得到 2,4-二羰基吡咯烷酮 19；接着






















物，其中化合物 K-80003 的抗癌作用尤为明显。 
为了提供舒林酸类似物 K-80003 的临床前用药，我们需要制备大量的具有抗
癌活性的化合物 K-80003。首先，我们从价廉的 4-氟苯甲醛出发，经过 Perkin
反应、Pd/C 催化氢化反应和傅克酰基化反应，得到 6-氟-2-甲基茚酮 23，三步反
应的粗产物不经纯化，均可直接用于下一步反应。 
 
接着，我们根据 Reformatsky 反应，从 6-氟-2-甲基茚酮 23 出发，简单、快
捷地合成 5-氟-2-甲基-3-茚乙酸乙酯 24 和 5-氟-2-甲基-3-茚乙酸 25，并将其用于
Claisen-Schmidt 反应，最终合成化合物 K-80003。我们用同样方法合成了舒林酸
















1) 26, NaOMe, MeOH
60 °C
R1 = 4- Me
R1 = 4- Et
R1 = 4- CH(CH3)2
26
2) 1N HCl





















This dissertation contains three parts: 
1. Studies on the asymmetric synthesis of (5S)-4-hydroxypyrrolidin-2-one 1. 
Oxygenated pyrrolidines such as 2-pyrrolidinones and tetramic acids 
(pyrrolidin-2,4-diones) occur in many bioactive natural products as key structural 
features. A concise and flexible approach to (5S)-4-hydroxypyrrolidin-2-one 1 was 
developed from L-tyrosine and N-methyl amino alcohol 4 was achieved in 3 steps 
with 85% overall yield. Compound 4 was turned into chirally labile a-amino aldehyde 
11 by Boc protection and Dess-Martin oxidation. 
For the Reformatsky reaction, cheap and easily available SmI2 was adopted, which 
is the key step of this part. A screening of reaction conditions showed that treating a 
solution of amino aldehyde 11 and ethyl a-bromopropionate in THF with a freshly 
prepared SmI2 in THF at -25 °C for 0.5 h gave the the desired product 13 with an 
excellent yield (94%). Thus, the diastereomeric mixture of compound 13 was 
successively treated with TFA and K2CO3 in toluene, providing 2-pyrrolidinone 1 in 
86% yield. According to our retrosynthetic analysis (Scheme 2.17), rigidiusculamide 
A could be synthesized from 1 via dehydration-asymmetric dihydroxylation, while 
rigidiusculamide B could be accessed from 1 via bis-oxidation. Consequently, all four 
diastereomers of 1 can serve well for these purposes.  
 
 
2. Divergent enantioselective synthesis of the proposed structure rigidiusculamides 















Recently, Che and co-workers reported the isolation of rigidiusculamides A-D from 
the crude extract of the ascomycete fungus Albonectria rigidiuscula, and found that 
compounds A and B exhibited modest cytotoxicity against the human tumor cell lines 
HeLa and MCF-7. There was no any report on the synthesis of compounds A and B.  
The desired 3-pyrrolin-2-one 16 was obtained by dehydration from 2-pyrrolidinone 
1, whose ee value was at least 95%. Sharpless dihydroxylation of 16 [K2OsO2(OH)4 
(cat.)-NMO, t-BuOH/H2O (1: 1, v/v)] in the presence of 2.0 equiv of citric acid at rt 
for 8 h produced compound 17a in 94% yield, along with 1% of diastereomer 17b. 
Debenzylation of the diastereomer 17a with 10% Pd/C under 1 atm of hydrogen 
atmosphere provided compound 18a in 95% yield. The data of the synthetic 
compound 18a disagree with those reported for the natural rigidiusculamide A. 
However, the physical and spectral data of compound 18b, the debenzylation of the 
minor diastereomer 17b, are in agreement with those of the natural rigidiusculamide 
A, except for its sense of optical rotation. Thus, we have got an agreement that the 


































(a) MsCl, Et3N, 0 °C
(b) DBU, rt, 5 h






Furthermore, we have successfully synthesized the proposed structure of 
rigidiusculamide B. With the key intermediate 1 in hand, we turned our attention to 
a-hydroxylation and oxidation of the b-hydroxyl group. Indeed, treatment of the 
2-pyrrolidinone 1 with Dess-Martin periodinane (DMP) in DMSO at 50 °C for 12 h 















hydrogenolysis of compound 19 with 10% Pd/C under 1 atm of hydrogen atmosphere 
provided the O-debenzylation product 20 whose physical and spectral data are 
identical with those reported for the natural rigidiusculamide B.  
 
 
3. The synthesis of sulindac analog K-80003 
Sulindac has received extensive attention because of its potent induction of 
apoptosis and inhibition of cancer cell growth. Our identification of a sulindac analog, 
K-80003, with improved affinity to RXRa but lacking COX inhibitory effects offers 
an example to this approach. It is expected that K-80003 will lack or have much 
reduced COX-2 associated side effects. The fact that K-80003 could effectively 
inhibit the RXRa pathway and the growth of cancer cells invitro and in animals 
warrants its further development for cancer therapy. 
We have synthesised much more compound K-80003 for the clinical test. Firstly, we 
got the compound 23 from 4-fluorobenzaldehyde in three steps without any 
purification.  
 
We next investigated the synthesis of sulindac analog K-80003. Reformatsky 
reaction of compound 23 with ethyl bromo acetate in presence of activated Zn powder 
offered a crude product which was treated with AcOH/H2SO4 directly. The acid 25 















the same with compound 24. Thus, K-80003 was synthesized in five steps with a 35% 
overall yield. Sulindac analog K-80001 and K-80002 were obtained in this mehod too. 
Thus, we have operated a concise and flexible route to K-80003 with inhibition of 
cancer cell growth. 
F
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1) 26, NaOMe, MeOH
60 °C
R1 = 4- Me
R1 = 4- Et
R1 = 4- CH(CH3)2
26
2) 1N HCl






















Ac acetyl / 乙酰基 
AIBN azodiisobutyronitrile / 偶氮二异丁睛 
Allyl propylene / 烯丙基 
Ar aryl / 芳基 
Bn benzyl / 苄基 
Boc t-butoxycarbonyl / 叔丁氧羰基 




DCM dichrolomethane / 二氯甲烷 
DEAD diethyl azodicarboxylate / 偶氮二甲酸二乙酯 
DMAP 4-N, N-dimethylaminopyridine / 4-N, N-二甲氨基吡啶 
DMF N,N-dimethylformamide / N,N-二甲基甲酰胺 
DMP Dess-Martin periodinane / Dess-Martin 氧化剂 
DMSO dimethylsulfoxide / 二甲基亚砜 
Et3N Triethyl amine/ 三乙胺 
HMPA hexmethylphosphoric triamide / 六甲基膦酰胺 
IBX 2-iodoxybenzoic acid / 2-碘酰基苯甲酸 
LAH Lithium aluminum hydride / 氢化锂铝 
LDA lithium isopropylamide / 二异丙基氨基锂 
LiHMDS bis(trimethylsilyl)amine lithium / 六甲基二硅基氨基锂 
MsCl Methanesulfonyl chloride / 甲烷磺酰氯 
NMM N-Methylmorpholine / N-甲基吗啡啉 
NMO 4-methyl-morpholine N-oxide / 4-甲基吗啉氧化物 
Ph phenyl / 苯基 
PPA Polyphosphoric acid / 多聚磷酸 















Py (pyr) pyridine / 吡啶 
TBAF tetrabutylammonium fluoride / 四丁基氟化胺 
TEA (Et3N) triethylamine / 三乙胺 
TFA (CF3CO2H) trifluoroacetic acid / 三氟乙酸 
THF tetrahydrofuran / 四氢呋喃 
TLC Thin-Layer Chromatography Analysis / 薄层色谱分析 































































性的天然产物的结构。2009 年，车永胜课题组[7]从真菌类 ascomycete fungus 
albonectria rigidiuscula 中提取得到四个具有 2-吡咯烷酮衍生物，依次命名
rigidiusculamide A-D（图 1.3），并发现该类化合物具有抗宫颈癌细胞 Hela 和乳
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